Analysis of an Exercise Program for Claudication
"Test in-Train out" (Ti-To) 7 program has been described, based on in-hospital assessment of functional capacity during monthly check-ups and a personalised prescription of at-home exercise, which attempts to combine the advantages of both of these approaches.
The aim of this retrospective study is to evaluate patient compliance, QoL impact and cost-effectiveness over a 2-year period of the Ti-To exercised-based rehabilitation model in its application in a Rehabilitation Service for PAD patients with intermittent claudication.
Methods

Subjects
A total of 289 patients diagnosed with PAD (Fontaine's second stage) with stable claudication, were consecutively referred to the Vascular Rehabilitation Service over a 2-year period. This population represented approximately one-third of the whole PAD population evaluated at the Vascular Surgery Department in the same period. Patient characteristics are described in Table 1 .
Patients underwent preliminary clinical and instrumental screening at the Vascular Surgery Department. Recruitment into the rehabilitation program was limited to patients with stable claudication for >6 months without any limitations or contraindications to exercise. During the rehabilitation program, patients' ongoing therapy was not modified.
Retrospective study exclusion criteria were: participation in previous rehabilitation programs, significant modifications of clinical conditions and/or pharmacological therapy, or failure to complete the rehabilitation program in the study period.
Patients gave written, informed consent to participate in this study, and the study was approved by the local Ethical Committee.
Description of the Rehabilitation Program
The Ti-To program consisted of hospital-based and homebased phases, which were alternately performed. The hospital-based phase included an admissions visit, circa-monthly control visits and a discharge visit. The first control was set after 4 weeks and the others between 4 and 6 weeks, depending on the patient's clinical conditions, degree of disability, or limitations (transportation, work etc). All visits included a clinical evaluation, ankle brachial index (ABI) measurements (with respect to a standard), 4 a testing session to determine pain threshold speed (PTS), 8 an updated prescription of the home-based exercise program, and evaluation of patient compliance to the program.
The home-based phase included patient performance (preferably indoors) of two, 10-min walking sessions per day (6 days per week) at maximal asymptomatic speed, which was paced by a metronome as previously described. 7 Patients were also asked to fill out a daily training record, indicating completion of the exercise and any associated symptoms. These records were collected at each check-up and, if possible, certified by a caregiver. A schematic description of the Ti-To program is represented in Figure 1 .
Patients were discharged from the program when their individual maximal asymptomatic speed reached an average normal walking speed for their sex and age, or when their functional prognosis became stable, even with partial mobility reduction (eg, patients with comorbidities).
Personnel The rehabilitation team consisted of 1 physician, 1 nurse and 1 sport sciences expert, and they were available for patient consultation by phone during weekdays.
Patient Compliance
Patients' compliance was evaluated by rehabilitation team members at patient discharge using an arbitrary score ranging from 4 (highest compliance) to 1 (lowest compliance). Compliance evaluation included factors such as whether the daily training record was filled out, supported by caregiver guarantee whenever possible, the number of exercise sessions completed, and adherence to the prescribed training speed ( Table 2) .
QoL
QoL was measured by the same operator at patient admission and patient discharge for a random sample of patients, using the Health Survey Short Form (SF-36) questionnaire (Italian version). 9
Cost-Effectiveness Analysis
Functional Evaluation Functional outcome parameters that were measured at patient admission and at patient discharge from the program were: initial claudication distance (ICD) and absolute claudication distance (ACD), measured using a constant load treadmill test at a speed of 3 km/h and a slope of 10%; and speed at the onset of pain, or PTS, measured using an incremental treadmill test. 8 Economic Evaluation Economic evaluation was performed by an independent team of experts in health economics at the University of Ferrara, using a cost-effectiveness analysis framework. 10 Both the cost of the rehabilitative program and the cost of program administration were considered. Cost data and cost drivers were derived from: the physician in charge of the rehabilitation program who provided patient data (patient characteristics, outcome measures and rehabilitation program access) and working hours required for personnel dedicated to the rehabilitation program; and the Hospital Management Control Unit providing data concerning consumption and purchasing prices.
Costs description was performed using activity-based, cost-accounting methodology as described. 11 Similar to most health economic studies, a micro-cost analysis was applied 12 considering: (1) as cost objects: a single visit, and the entire rehabilitation therapy cycle; (2) as final cost: the full cost; and (3) the use of direct-indirect cost classifications, where direct costs included labour, medical and non-medical supplies, additional medical specialist advices, equipment depreciation and maintenance, and indirect costs included building costs (utilities, cleaning services, furniture depreciation, rental costs) and general costs (administrative costs and support services costs). The annual rate of equipment depreciation was defined considering initial purchasing costs and the number of useful years. Equipment maintenance was estimated to be 10% of the purchase cost. Building use was Patients who scored in-between 2 scores were assigned the lower score (score 4=highest compliance, score 1= lowest compliance). Analysis of an Exercise Program for Claudication estimated to be the market price according to business methodology. General costs were defined using estimates from the hospital administration. Labour cost drivers, such as the time required by members of the rehabilitation team to perform different activities for each patient visit, were recorded for only 3 months because identical procedures were used throughout the study. Cost-effectiveness analysis results are reported as the relationship between full cost and functional outcome parameter variations between admission and discharge to obtain: (1) the cost to enable a patient to walk 1 additional meter without pain (cost per additional meter of ICD gained); (2) the cost to enable a patient to walk 1 additional meter before stopping (cost per additional meter of ACD gained); and (3) the cost to enable a patient to achieve a 10% increase in ICD and ACD.
Statistical Analysis
Data are presented as the mean ± standard deviation. The normal distribution of the data was verified using the Kolmogorov -Smirnov test. SF-36 scores and functional values at patient admission vs. patient discharge were compared using a paired Student's t-test or Wilcoxon test, as appropriate. Comparisons of characteristics of the whole study population and of the random sample of patients who underwent QoL evaluation were performed using a Chi-squared Test or unpaired Student's t-test, as appropriate. Comparison between the 2 groups, divided according to compliance score, was performed using the Mann -Whitney test. Statistical significance was defined to be P=0.05. Statistical analysis was conducted using Medcalc 10.0 (Medcalc Software, Mariakerke, Belgium).
Results
Two-hundred and 50 out of the initial 289 patients referred to the rehabilitation program were included in this study (Figure 2) . Characteristics of study patients are described in Table 3 . No adverse events occurred during patient visits or were reported during home sessions. A total of 1,839 patient visits were conducted, which corresponded to 7.4±2.0 (range 3-13) visits per patient. The mean duration of the rehabilitation program per patient was 12±2 months (range 9-17). The average duration per visit was: 65 min for patient admission visits, 40 min for check-up visits and 50 min for patient discharge visits. The physician in charge, sport sciences expert, and nurse required 65 min, 75 min, and 10 min for patient admissions visits; 40 min, 42 min and 0 min for check-up visits; and 50 min, 57 min and 10 min for patient discharge visits, respectively. ABI, which was not evaluated for 16 patients because of vessel incompressibility, was found to be significantly increased (0.60±0.16 to 0.64±0.18, P<0.0001) following completion of the rehabilitation program. 
Patient Compliance
A score of 4 was recorded for 110 patients (44%); a score of 3 was given to 74 patients (30%); a score of 2 was given to 52 patients (21%); and a score of 1 was assigned to 14 patients (6%). For the purposes of the study analysis, patients were divided into 2 groups according to their score: (1) patients at high compliance (score 4 and 3, n=184); and (2) patients at low compliance (score 2 and 1, n=66).
No difference in rehabilitation program duration was observed in the 2 groups (patients at high compliance, 13±2 months vs. patients at low compliance, 12±2 months, P=NS). A different performance according to compliance was observed, as reported below.
QoL
Impact of the rehabilitation program on patient QoL was measured for a random sample of 90 patients with characteristics not significantly different from the entire study population ( Table 3 ). All SF-36 domains scores significantly improved following completion of the rehabilitation program ( Table 4) .
Cost-Effectiveness Analysis
Functional Evaluation All patients performed the treadmill tests. All functional outcome measures were significantly improved at patient discharge following completion of the rehabilitation program compared with at admission (ICD: 79.2±47. According to the compliance score, the 2 groups significantly improved their functional parameters (P<0.0001), but the group at high compliance showed a higher percentage variation compared to the group at low compliance (ICD: 74% vs. 49%, P=0.0006; ACD: 68% vs. 44%, P<0.0001; PTS: 53% vs. 33%, P=0.0005, respectively). Difference between the groups was not statistically significant. Table 5 ). The cost-effectiveness analysis is described in Table 6 .
Economic Evaluation Direct and indirect costs represented
Discussion
This study demonstrates that a model Ti-To program, which was recently proposed for PAD rehabilitation, based on exercise prescribed in hospital and performed at home, had a positive effect on patient compliance and QoL, coupled with low cost for the healthcare system. This study was conducted on a large patient sample over a long observation period (2 years), and includes an entire rehabilitative cycle for each patient. A pilot study 13 determined that the Ti-To program was more effective than traditional home-based programs from both a functional and cardiovascular perspective. 7 In addition to confirming favorable functional and haemodynamic changes, the present study analysed the application of the Ti-To program model in a real health-care context. Patient compliance, a critical issue for home-based rehabilitation programs, 5 was found to be high, with a limited number of drop outs (mainly for personal reasons), and few patients performing only a low number of exercise sessions. The key benefits of this rehabilitation approach include the possibility to perform the exercise without pain, the ability to periodically check the effects of patient training, to interact with the rehabilitation team at any time, and the limited number and flexibility of serial check-up visits at the hospital, resulting in reduced burdens for patients and their families.
In addition, the training program is based on the concept that the quality and not the maximal intensity or duration of the stimulus is the trigger point for favorable physiological and functional adaptations.
It is known that exercise rehabilitation, which increases functional capacity and the ability to perform daily activities, improves QoL for PAD patients. 14, 15 In cardiopathic patients, QoL improved without differences between the residential and ambulatory models of cardiac rehabilitation. 16 The Ti-To program, without direct supervision of exercise execution, showed a positive impact on patient QoL for all SF-36 domains, especially with respect to areas of physical function and pain.
Furthermore, cost-effectiveness analysis was conducted for this rehabilitation method, which is particularly relevant because PAD places a great economic burden on patients and the health-care system, 17 with average costs ranging from C1,600 to C6,200 per patient per year, depending on patient characteristics and disease stage. 18, 19 Nevertheless, it is difficult to quantify such costs, because of the presence of indirect and intangible costs such as lost productivity and reduced quality of life. 17 The costs of different available treatments, including oral treatment with vasoactive drugs, intensive treatment by intravenous infusion, percutaneous transluminal angioplasty, by-pass surgery and exercise therapy have also been evaluated. 20, 21 Two exercise supervised programs, lasting 6 and 12 months each, showed favorable cost-effectiveness compared to endovascular revascularization or by-pass surgery. 1 Despite its cost-effectiveness, non-invasiveness and the minimal cardiovascular risk, the use of exercise as a treatment option is widespread for PAD. 1, 22 Given the increasing costs of chronic diseases, low-cost, effective rehabilitative protocols are necessary. Supervised exercise, the most effective form of rehabilitation, is also the most expensive, especially when taking into consideration indirect costs 23 and intangible costs for the patient (eg, frequent transportation to the hospital, or missed work days for patients still working). 17 In fact, the cost-effectiveness per year of life is 2-to 3-fold higher for supervised exercise than home-based exercise. 4 The cost of different exercise programs has been quantified to be: $114.60 U.S. per patient per 10% increase in pain-free walking distance following a long-term exercise program, 20 and $61 U.S. for 1 additional meter of ACD following a 6-month exercise program. 1 In other studies, exercise programs were estimated to cost C57.5 to enable a patient to walk 1 additional meter without pain and C27 to enable a patient to walk 1 additional meter before stopping 24 following a 4-week supervised program, or C46.30 to enable a patient to walk 1 additional meter before stopping following a short-term supervised exercise program, with a total cost estimated at C4,179. 25 Thus, the cost-effectiveness measured in our study (the average cost to enable a patient to walk 1 additional meter before stopping was calculated to be C9.22) appears to be very competitive. Nevertheless, it is difficult to compare different models, especially with respect to costs, which depend on the type of assistance provided, personnel involved and equipment used etc. 26 The costs presented in our study include only purely rehabilitative (equipment and personnel) and service management costs. Although the costs described here do not include the purchase of equipment, they do take into consideration depreciation and maintenance costs. Furthermore, even though patient laboratory tests are not directly carried out, and thus not considered in the costs, some necessary additional medical advices have instead been included. The Ti-To model was designed to be a simple rehabilitation program, where an expert team interfaces with health-care services in direct contact with PAD patients, therefore patients are screened and referred for training by other services (eg, the vascular surgery department). The team is composed of only 1 physician and a few co-workers, and the time required of the rehabilitation team is mostly for evaluation of limiting factors (comorbidities), assessment of haemodynamic and functional parameters, and prescription of the exercise program.
Our study has some limitations: (1) outcome measures, registered data and working time were provided by the team involved in the rehabilitation program; (2) QoL was not evaluated for the entire study population but instead for quite a large random group with similar characteristics; and (3) patient compliance evaluations were based on patient reports.
In conclusion, the Ti-To program enabled a small rehabilitative team to follow a large number of elderly PAD patients with comorbidities and severe disabilities, to attain high patient compliance, and to improve patient mobility and QoL, with low cost to the health-care system.
